We describe three families segregating different reciprocal chromosome translocations, t(7;18)(p21.2;q23), t(2;7)(q21.1; p21.2), and t(5;7)(p15.3;p21.2). A total of seven apparently balanced carriers have been identified and all manifest features of the Saethre-Chotzen syndrome, although only two have overt craniosynostosis. In one family the carriers are immediately recognisable by their unusual ears, and clefts of the hard or soft palate are present in all three families. These observations extend previous linkage and cytogenetic evidence that a locus for Saethre-Chotzen syndrome resides in band 7p21.2.
Saethre-Chotzen syndrome (SCS, also referred to as acrocephalosyndactyly type III/ACS3, MIM 101400) is a very variable, and probably underascertained, autosomal dominant disorder. Classically it comprises craniosynostosis (CRS, usually involving one or both coronal sutures), low frontal hairline, facial asymmetry, ptosis, small ears with prominent crura, mild cutaneous digital syndactyly, and broad halluces in a valgus position.l" However, most or all of these features may be subtle or absent, and non-penetrance has been described on several occasions.56 Saethre-Chotzen syndrome is the commonest syndromal cause of CRS, and it may be speculated that mutation ofthe Saethre-Chotzen gene(s) also contributes substantially to non-syndromal coronal synostosis. However, confirmation of this possibility awaits identification of the causative gene(s).
Progress towards this goal has advanced rapidly over the past three years. In 1992 Brueton et at7 reported genetic linkage of SCS to markers on the short arm of chromosome 7, and the localisation ofthe major SCS gene to this region by linkage analysis has since been confirmed and refined.89 Further confirmation, and a resource for positional cloning of the gene(s), is provided by three reciprocal chromosome translocations associated with CRS, each with one breakpoint in 7p. "" However, a complicating factor is that slightly different 7p breakpoints were assigned for each translocation. Reardon et allo described a father and daughter with a classical SCS phenotype, and a breakpoint in 7p21.2; the mother and son reported by Reid et al," also considered to have SCS, had a breakpoint in 7p22; and the case of Tsuji et al," described as non-syndromal CRS but with some dysmorphic features suggestive of SCS, had a breakpoint in 7pl5.3. The three most likely interpretations for these discrepancies are that one or more band assignments are mistaken, that more complex rearrangements have occurred, or that two or three separate CRS loci are involved. Some evidence for the last possibility has been adduced from the phenotypic analysis of 7p deletions." 14 Here we describe three further families with independent chromosomal translocations segregating for SCS. In all three the 7p breakpoint involves the band 7p21.2, strengthening the evidence that a major SCS locus lies in this band. In one family, carriers could be readily identified by their unusual ears. The association with the 7p2l.2 translocation confirms that this phenotype, previously labelled as "auralcephalosyndactyly", ' uvulae causing velopharyngeal incompetence. Pharyngeal flap surgery was carried out at the age of 6 years.
During early childhood her height was persistently below the 3rd centile and her bone age was moderately delayed (2-5 years at a chronological age of 3-25 years). A growth hormone stimulation test at the age of 3 years showed a low-normal response. However, at 7 years she developed precocious puberty. A gonadotrophin releasing hormone (GnRH) test gave an adult type response, and a growth hormone stimulation test showed a subnormal response. Levels of cortisol and thyroid hormone were normal. She was treated with a GnRH analogue to suppress menstruation, together with growth hormone. At the age of 1075 years, her bone age had advanced to years.
The diagnosis of SCS was confirmed at the age of 4 years. Currently aged 11 years, her facial features ( fig 6A) include a high forehead, brachycephaly, marked ptosis, epicanthic folds, and small posteriorly rotated ears with prominent helical crura. She is short (height 122 cm, -34 SD) and obese (weight 47-4 kg, + 1l SD), with bilateral accessory nipples, multiple cutaneous striae, a buffalo hump on her neck, and is in advanced puberty. She has cutaneous syndactyly of the hands involving the second and third web spaces ( fig 6B) , with brachydactyly and marked fifth finger clino- dactyly. In the feet, the fourth metatarsals are shortened bilaterally. 17 The tenting of the mouth present in several members of family 1 is probably related to the palatal abnormality.
The proband in family 3, as well as having the most severe craniofacial deformity, also developed precocious puberty and had persistent short stature with evidence of growth hormone deficiency. These problems have been attributed to a disturbance of hypothalamic function, but its relationship to the other craniofacial problems, the chromosome translocation, or the possible congenital CMV infection is unclear. Although it has been speculated that disorders of the hypothalamicpituitary axis may be more common in patients with craniosynostosis,2' this association has not, to our knowledge, previously been described in SCS.
In summary, the observation in all three families that the SCS phenotype is associated with a translocation breakpoint in band 7p2l .2 is in accordance with the previous report of Reardon et all' and suggests that a major locus for SCS is present in this band. This cytogenetic assignment is based on the observation that in each case the derivative chromosome 7 retains a dark band in the position corresponding to 7p21.1, indicating that part or all of this band lies proximal to the translocation breakpoint. Independent confirmation that these three families, and that of Reardon et al,'0 have similar 7p breakpoints has recently been obtained by fluorescence in situ hybridisation. All four breakpoints are flanked by the same pair of yeast artificial chromosomes corresponding to genetic markers D7S493 (proximal) and D7S488 (distal),22 which are separated by 6 cM and map physically within the region 7p15.3-p21.2.23 The clustering of these breakpoints within a relatively small region suggests that they will provide a valuable resource in the positional cloning of the SCS gene or genes. Family 1 was ascertained from the records of the Institute of Medical Genetics, Cardiff. We thank Selwyn Roberts for the cytogenetic analysis of the extended family. We are also grateful to Clare Davison, Brian Griffiths, and Hilary Scott for additional clinical information, Andrew Molyneux for expert comment on the radiographs, and Roger Palmer, Charlotte Rose, and Sarah Slaney for help with the manuscript. This work was supported by the Wellcome Trust.
